Little is known about the prevalence of non-communicable disease (NCD) multimorbidity among tuberculosis (TB) patients in Africa.
Introduction
The global burden of non-communicable diseases (NCDs), in particular cancer, cardiovascular disease, diabetes and chronic respiratory disease, accounts for two-thirds of mortality worldwide, 1 and the fastest increase in NCDs has been recorded in low-and middle-income countries, particularly in sub-Saharan Africa. 2 This rapid increase of NCDs may be because of an ageing population, rapid urbanisation, changes in environmental factors and lifestyle changes. 3, 4 South Africa is confronted with a large burden of disease from both chronic infections and NCDs. 5 'People living with chronic communicable diseases such as tuberculosis (TB) and human immunodeficiency virus (HIV) are most likely to develop comorbidity with NCDs'. 6 With the increase of chronic communicable and NCDs, primary health care services are confronted with a huge challenge. 5 In a study among NCD (hypertension, diabetes, chronic respiratory disease and depression) primary care patients in South Africa, considerable multimorbidity was found and unmet treatment needs existed (4% in hypertension group received no treatment or medicines, 6 .5% in the diabetes group, 49.0% in the respiratory diseases group and 77.1% in the depression group). 7 In another primary care study in Cape Town, South Africa, based on the analysis of treatment prescriptions, a high comorbid diseases pattern was found for TB patients, with 80% having HIV, 37% hypertension and 12% diabetes mellitus. 8 In a study on NCD multimorbidity (arthritis, cancer, diabetes mellitus, hypertension, heart disease, obstructive lung disease and psychiatric problems), based on medical record review, 1.14% among a large sample of TB patients in Brazil had multimorbidity, 9 with the highest prevalence of coexisting diabetes mellitus, followed by hypertension, psychiatric disease, cardiovascular disease, cancer, chronic pulmonary obstructive disease and arthritis.
Active TB disease is linked with the breakdown in immune surveillance. 10 This explicates the strong association between active TB disease and other communicable diseases or NCDs that exercise a toll on the immune system. 10 Common TB-NCD comorbidities include diabetes mellitus, smoking, alcohol-use disorders, chronic lung diseases, cancer and depression. 6, 11, 12 For example, globally, the overall median prevalence of diabetes mellitus among TB patients was 16% [interquartile range (IQR) 9.0% -25.3%]. 13 Factors associated with TB-NCD multimorbidity may include older age, 9, 14 female gender 9, 14, 15 and lower socio-economic status, 14 and an insignificant association was found for HIV-positive status. 9 Moreover, TB-NCD multimorbidity has been found to have negative effects on physical and mental health and quality of life. 16, 17, 18 Estimates of TB-NCD multimorbidity, its pattern and health impact may better inform health care providers in integrating NCD management into TB care. 9 In response to the dual burden of HIV and AIDS and NCDs, the integrated chronic disease management model was introduced in South Africa. 19 The aim of this study was to assess the prevalence of NCD multimorbidity and its pattern on adverse health outcomes among public primary care patients with TB in three selected districts of South Africa.
Research methods and design

Sample and procedure
In a cross-sectional survey, 4207 new TB and retreatment patients aged ≥ 18 years were consecutively recruited within 1 month of anti-TB treatment being initiated from 42 high TB caseloads primary health care facilities in three high TB caseloads districts (Siyanda, Nelson Mandela Metro and eThekwini) in South Africa. Participants were interviewed with a structured (close-ended) questionnaire, and medical records were accessed by external research assistants from May to October in 2011. 20 Written informed consent was obtained from all participants prior to the study.
Measures
Tuberculosis patients were asked about NCDs:
Has a doctor or nurse or health worker at a clinic or hospital ever told you that you have or have had any of the following conditions: Hypertension/high blood pressure? Heart attack or angina (chest pains)? High blood cholesterol or fats in the blood? Diabetes or blood sugar? Chronic lung disease such as emphysema and bronchitis? Asthma? Sore joints, e.g. arthritis, gout? Cancer or a malignancy of any kind? Tobacco use problem? and Alcohol use problem? 21 Those who responded with 'yes' were asked, 'Are you currently taking medicines/treatment for this disease?' (Response options 'yes or no'). 21 In addition, alcohol and tobacco use were assessed with structured questionnaires. The 10-item Alcohol Use Disorder Identification Test (AUDIT) 22 assessed alcohol consumption level (3 items), symptoms of alcohol dependence (3 items) and problems associated with alcohol use (4 items) (Cronbach's alpha 0.92). 20 Alcohol-use disorder was defined as 8 or more scores for men and 7 or more scores for women on the AUDIT (range 0-40). For assessing tobacco use, two questions were asked about the use of tobacco products: (1) 'Do you currently use one or more of the following tobacco products (cigarettes, snuff, chewing tobacco, cigars, etc.)?' Response options were 'yes' or 'no'. (2) 'In the past month, how often have you used one or more of the following tobacco products (cigarettes, snuff, chewing tobacco, cigars, etc.)?' Response options were once or twice, weekly, almost daily and daily. 23 Moreover, the history of a 'sexually transmitted infection (STI), for example herpes, gonorrhoea, chlamydia and genital warts', was assessed by self-report; HIV status and TB treatment status were assessed by medical record review.
General physical and mental health were assessed with the social functioning (SF)-12 24 (Cronbach's alpha 0.80). For each respondent, the SF-12 scoring algorithm generates a physical health component summary (PCS-12) score and a mental health component summary (MCS-12) score. The lower the physical health score (PCS-12) or mental health score (MCS-12), the more activity limitations a person has. 24 The Kessler Psychological Distress Scale (K-10) was used to measure anxiety or depressive disorders 25 (Cronbach's alpha 0.92). A screening cut-off score of 28 was used to best define depressive and anxiety disorders. 26 The 4-item Primary Care Post-Traumatic Stress Disorder (PC-PTSD) Screen was used to assess PTSD symptoms 27 (Cronbach's alpha 0.89). A cut-off of 2 was used for PTSDpositive screening. 27 Socio-demographic questions included age, gender, education, marital and residence status. Poverty was assessed with five items on the availability or non-availability of shelter, fuel or electricity, clean water, food and cash income in the past week. Response options ranged from 1 = 'not one day' to 4 = 'every day of the week' 28 (Cronbach's alpha 0.89). Poverty was defined as higher scores on non-availability of essential items.
Data analysis
Data were analysed using the IBM Statistical Package for the Social Sciences (SPSS) for Windows version 24.0 (SPSS, Inc., Chicago, IL, USA). Frequencies, means and standard deviations were computed to describe the sample. Data were checked for normality distribution and outliers. Chi-square tests were used to test for differences in proportions. To identify the pattern of NCD multimorbidity, principal factor method was used with equimax rotation. Multinomial logistic regression was used by comparing NCD comorbidity and NCD multimorbidity prevalence with those not having any NCD (reference category). Linear regression was used to predict general physical and mental health, and logistic regression was used to predict psychological distress and PTSD symptoms. Probability below 0.05 was regarded as statistically significant.
Ethical consideration
The study protocol was approved by the Human Sciences Research Council Research Ethics Committee (Protocol REC No.1/16/02/11). The Department of Health in South Africa has also provided approval for this study.
Results
Sample and multimorbidity
The sample included 4207 public primary care TB patients, 53.5% male patients and 46.5% female patients, mean age 36.2 years (s.d. = 11.4), age range 18-93 years. The prevalence of individual NCDs, in order of frequency, included alcohol-use disorder (24.3%), daily tobacco use (15.0%), hypertension (8.9%), ischaemic heart disease or angina (7.5%), arthritis (4.5%), type 2 diabetes (4.1%), asthma (3.5%), cancer or malignant neoplasms (2.1%), chronic lung disease (1.9%) and dyslipidaemia (1.6%). The overall comorbidity (with one NCD) was 26.9% and multimorbidity (with two or more NCDs) was 20.9%. There was a large unmet need for treatment or medication, ranging from 25.0% for ischaemic heart disease or angina to 97.7% for alcohol-use disorders ( Table 1) .
Patterns of non-communicable disease multimorbidity
In the factor analysis, three factors emerged with a total of 42.3 cumulative per cent. The Kaiser-Meyer-Orkin measure of 0.69 indicated a moderate sampling adequacy. The first factor (eigenvalue = 1.82) was characterised by high loadings for hypertension (0.73), diabetes (0.68), dyslipidaemia (0.50) and ischaemic heart disease or angina (0.44), named cardiovascular-metabolic disorders. The second factor (eigenvalue = 1.33) was characterised by moderately high loadings of asthma (0.61), arthritis (0.61), cancer (0.60) and chronic lung diseases (0.46), named respiratory diseases, arthritis and cancer. The third factor (eigenvalue = 1.10) had high loadings on daily or almost daily tobacco use (0.81) and alcohol-use disorders (0.81), named substanceuse disorders.
The distribution of comorbidity and multimorbidity is shown in Tables 2 and 3 . Compared with TB patients without NCDs, those with one (comorbidity) NCD and those with two or more (multimorbidity) NCDs were likely to be older, men, married or separated or widowed; had lower education and greater poverty; were HIV negative; and had had an STI (other than HIV). In addition, being a TB retreatment patient was associated with NCD multimorbidity (Table 3) .
Association of non-communicable disease multimorbidity with four health outcome measures
The effects of multimorbidity on general physical health, general mental health, psychological distress and PTSD symptoms are shown in Table 4 . In the unadjusted and adjusted models, having three of more NCDs was negatively associated with general physical health. As the number of NCDs increased, PTSD symptoms increased in both unadjusted and adjusted models. The number of NCDs was in the unadjusted model and in the adjusted model with socio-demographic factors associated with psychological distress, but when adjusted with HIV-coinfection psychological distress became non-significant. No association was found between NCD multimorbidity and general mental health (Table 4) .
Discussion
The study, probably the first study in Africa, found a high prevalence of TB-NCD comorbidity (26.9%) and TB-NCD multimorbidity (25.3%), much higher than in a study in Brazil with 1.14% TB-NCD multimorbidity. 9 One explanation for the low multimorbidity prevalence in the Brazil study may be the use of health records as recruitment strategy, because the latter may under report diseases. 14 The findings of this study may be similar to a primary care study in South Africa, including the chronic conditions of HIV, TB, diabetes and hypertension, showing a multimorbidity of 22.6%. 8 In comparison, the multimorbidity in NCD primary care patients in South Africa was 14.4%. 29 In agreement with the Brazil study, 9 this study found that the most common comorbid NCDs included mental or substance-use disorders, hypertension, cardiovascular disorders and type 2 diabetes. As found in a previous study among NCD primary care patients in South Africa, 7 this study found that significant unmet treatment needs existed, ranging from 25.0% for ischaemic heart disease or angina, 27.4% for hypertension, 33.9% for type 2 diabetes to 97.7% for alcoholuse disorders.
The study identified three patterns of TB-NCD multimorbidity: (1) cardio-metabolic disorders; (2) respiratory disorders, arthritis and cancer; and (3) substance-use disorders. A similar three-factor multimorbidity pattern was observed in a systematic review: 30 a group that included cardio-metabolic diseases; a second group that included at least one musculoskeletal disorder, including arthritis; and a third group that included at least one mental or substance disorder. Violan et al.
14 also found in a review that most frequent comorbidities included arthritis and a cardiometabolic cluster, including high blood pressure, diabetes and ischaemic heart disease. The prevalence of specific comorbid chronic conditions among TB patients in this study seemed to have been lower (56.3% for HIV, hypertension 8.9%, type 2 diabetes 4.1% and dyslipidaemia 1.6%) than in a primary care study in Cape Town, South Africa, based on the analysis of treatment prescriptions, with 80% having HIV, 37% hypertension and 12% diabetes mellitus, 8 and in the case of self-reported hypertension (16.3%). But the found prevalence was similar to measured hypertension (10.2%) and self-reported dyslipidaemia (4.2%) and measured dyslipidaemia (19.2%) among the general adult population in South Africa. 30 It was also similar to self-reported diabetes (5%) but lower than measured diabetes (9.6%) in the general adult population in South Africa. 31 This study found, in agreement with previous studies, 9 that older TB patients were more likely to have TB-NCD multimorbidity than younger TB patients, which is consistent with the idea that additional life years add additional opportunities to develop other NCDs. 14 Contrary to some previous studies, 9, 14, 15 this study found an association between male gender and TB-NCD multimorbidity. The higher prevalence of TB-NCD 
Variable
One NCD versus none AOR (95% CI)
Multimorbidity versus no NCD AOR (95% CI)
Age in years multimorbidity among men in this sample may be because alcohol and tobacco use disorders were included in the 10 NCDs assessed, stemming from the result that the two substance-use disorders were much more common in men than women in this study.
The likelihood of TB-NCD multimorbidity was higher in TB patients with lower education and poorer socio-economic status (poverty) than those with better socio-economic status, which is in agreement with previous studies and reviews. 14, 15 Contrary to an expected link between HIV-positive status and NCDs, 32 this study found a negative association between HIV-positive status and NCD multimorbidity, whereas the Brazil study did not find any association. 9 Compared to new TB patients, TB retreatment patients were more likely to have NCD multimorbidity. In TB retreatment, patients' immune surveillance may be stronger compromised than in new TB patients emphasising the link between active TB disease and NCDs. 10 This factor is important for the health care management process. Further, having a history of STI was associated with TB-NCD multimorbidity. This may be because STI is a clinically observed association with TB. 6 The negative effects of TB-NCD multimorbidity on physical and mental health and quality of life, as found in previous studies, 16, 17, 18 were confirmed in this study where the prevalence of physical health decreased, and common mental disorders and PTSD increased with an increase in the number of NCDs. This finding has significant health care implications for TB patients with multimorbidity in South Africa. It could mean that TB patients with multimorbidity would need more outpatient and inpatient care. 16 In addition, primary health care service delivery will have to move away from a single chronic condition focused management to a more integrated primary care approach. 16 
Study limitations
Caution should be taken when interpreting the results of this study because of certain limitations. The study was limited to only three selected health districts in South Africa, and the inclusion of more districts could have provided a different profile. As this was a cross-sectional study, causality between the compared variables cannot be concluded. A further limitation was that most variables, including NCDs and STIs (other than HIV), were assessed by self-report and desirable responses may have been given and NCDs under reported. Further, the poverty measure only assessed availability or non-availability of items in the past week instead of the past month. The study used a count of NCDs as a measure of multimorbidity, implying that each chronic condition has an equal impact on an individual, whereas in reality disease severity, the specific combination of NCDs and access to health care may affect multimorbidity.
Conclusions
This is the first study in Africa to provide evidence of TB-NCD comorbidity and multimorbidity, its pattern and impact on health outcomes. The high prevalence of NCD multimorbidity found calls for an increased attention on the routine delivery of multimorbidity interventions. Older TB male patients of lower socio-economic status seem to be at the highest risk of multimorbidity, in particular in the presence of substance-use disorders. 
